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Background. Retention of skills and knowledge after neonatal resuscitation courses (NRP) is

known to be problematic. The use of cognitive aids is mandatory in industries such as aviation,

to avoid dependence on memory when decision-making in critical situations. We aimed to pro-

spectively investigate the effect of a cognitive aid on the performance of simulated neonatal

resuscitation.

Methods. Thirty-two anaesthesia residents were recruited. The intervention group had a

poster detailing the NRP algorithm and the control group did not. Video recordings of each of

the performances were analysed using a previously validated checklist by a peer, an expert

anaesthetist, and an expert neonatologist.

Results. The median (IQR) checklist score in the control group [18.2 (15.0–20.5)] was not

significantly different from that in the intervention group [20.3 (18.3–21.3)] (P¼0.08). When

evaluated by the neonatologist, none of the subjects correctly performed all life-saving inter-

ventions necessary to pass the checklist. A minority of the intervention group used the cogni-

tive aid frequently.

Conclusions. Retention of skills after NRP training is poor. The infrequent use of the cognitive

aid may be the reason that it did not improve performance. Further research is required to investi-

gate whether cognitive aids can be useful if their use is incorporated into the NRP training.
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Anaesthetists are among several health-care practitioners

responsible for neonatal resuscitation in Canada. The

American Academy of Pediatrics Neonatal Resuscitation

Program (NRP) teaches a standardized method of care and

has recently undergone changes to reflect international

consensus.1 – 3 The NRP is endorsed by the Canadian

Pediatric Society and is mandatory for Canadian health-

care professionals involved in neonatal resuscitation. The

program has been shown to be an effective way of teach-

ing neonatal resuscitation skills, as assessed by low-fidelity

simulation on the day of the course.4 5 Exposure to neo-

natal resuscitation may be infrequent and retention of

skills and knowledge after NRP training have been found

to be problematic.5 – 7

A cognitive aid has been described as either a visual or

auditory prompt to aid recall of information. Such aids are

more frequently used in industries such as aviation that

have more advanced risk management systems than medi-

cine.8 The speciality of anaesthesia has been a pioneer in

the use of cognitive aids for emergency situations. In the

USA, all Veterans Health Administration facilities have

been provided a cognitive aid in the form of a laminated

booklet detailing the management of anaesthetic crises.9

Previous research has shown that the presence of a cog-

nitive aid can improve performance in the simulated man-

agement of a rare, high-stakes scenario such as malignant

hyperthermia.10 11 An earlier unblinded randomized con-

trolled trial that investigated the benefit of cognitive aids

for the performance of basic life support in lay people

found that one of the two checklists used improved per-

formance significantly, whereas the other had little

benefit.12 There have been no previous blinded controlled
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investigations into whether cognitive aids improve per-

formance in medical emergencies. Our hypothesis was that

a visual prompt of the neonatal resuscitation algorithm

would improve the performance of simulated neonatal

resuscitation by anaesthesia trainees.

Methods

Both St Michael’s Hospital and the University of Toronto

granted research Ethics Board approval for this study.

Thirty-two anaesthesia trainees who had previously com-

pleted the NRP course were recruited. Before simulated

neonatal resuscitation, residents were randomized into two

groups using a sealed envelope technique that stratified

subjects on the basis of the number of months since

passing the NRP course.

The intervention group had a poster in clear view,

which detailed current guidelines for neonatal resuscitation

that we will refer to as the cognitive aid (Fig. 1). Subjects

were not shown the cognitive aid before the start of the

scenario but were told that there would be a poster con-

taining accurate information that they could use during the

scenario. The control group managed the scenario without

the cognitive aid. The cognitive aid was positioned, so that

it could not be seen on the video recordings of the simu-

lation that were used to assess performance. The scenario

was piloted to confirm adequate blinding, with the cogni-

tive aid placed directly under the monitor screen, so it was

not possible to determine whether subjects were looking at

a poster or looking at the monitor.

The cognitive aid was designed by the investigators

with content from the most recent international consensus

on neonatal resuscitation using a modified Delphi tech-

nique.2 The cognitive aid was colour coded with a red,

yellow, and green ‘traffic lights’ theme, where red rep-

resented ongoing crisis and green represented resolution of

the crisis. The cognitive aid was 80�60 cm in size within

1 m of the baby warmer and the height of the smallest

font was 8 mm. The organization of the aid was made as

simple as possible to facilitate following the algorithm

while running through a scenario in real time.

Baseline patient characteristic data were collected in a

pre-test questionnaire, including the number of years of

postgraduate training, whether the participants had pre-

vious experience of paediatric anaesthesia and the number

of months since successful completion of the NRP course.

After obtaining informed consent, all subjects were video-

taped during the performance of neonatal resuscitation in a

simulated operating theatre environment with a SimBaby

(Laerdal, Wappinger Falls, NY, USA) high-fidelity simu-

lator in a baby warmer. We modified the SimBaby by

attaching an umbilical stump with vessels that could be

cannulated (Laerdal). Every subject was given the same

standardized simulation scenario of a term newborn in a

community hospital, delivered by Caesarean section due to

fetal distress, without meconium and with a maternal

history of an otherwise normal pregnancy. The scenario

was designed, so that the neonate required the following

interventions regardless of the performance of the subject:

warming and drying, suction of the airway, intubation,

positive pressure ventilation, and chest compressions. One

of the investigators played the part of a nurse who would

find equipment and follow instructions. No other help was

available to the subject. The scenario began 1 min before

the neonate was placed on the warmer and stopped 6 min

later. The subject was then debriefed on his or her

performance. The frequency of use of the cognitive aid

was assessed by one of the investigators not involved in

rating the videotapes using a previously described global

rating scale, where 0, no use; 1, minimal use; 2, occasional

use; 3, intermittent use; 4, frequent use; and 5, extensive

use.10 The observation of frequency of use was in real

time during the scenario from within the control room of

the simulation centre. After debriefing, subjects in the

intervention group were asked to complete a post-test

questionnaire which used the same scale of frequency of

use of the cognitive aid and also collected qualitative

information on reasons why they did not use the cognitive

aid and strengths and weaknesses of the poster.

The videos were independently assessed by (i) peer

assessment by an anaesthetic resident, (ii) expert assess-

ment by a consultant anaesthetist, and (iii) expert
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Fig 1 Poster detailing the neonatal resuscitation algorithm.
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assessment by a consultant neonatologist who was also an

NRP instructor. The primary endpoint was the score from

a 15-point checklist that has been previously validated.13

Each item was designated as scoring 0 (not performed), 1

(performed incorrectly or out of sequence), or 2 (per-

formed correctly) giving a possible range of 0–30. The

checklist includes five items in a bold font, which are life-

saving interventions that must be completed correctly in

order to pass the NRP course. Successful completion of

these five interventions was a secondary endpoint. We

elected to use a checklist as our primary outcome

measure, as it has been previously validated for the evalu-

ation of technical skills in NRP. Although it could be

argued that the secondary outcome of passing/failing is a

more meaningful clinical outcome, the checklist is more

likely to identify small improvements in performance. A

further secondary endpoint was the Anaesthetists’

Non-Technical Skills (ANTS) scale that describes behav-

ioural aspects of crisis management.14

In the absence of other data regarding retention testing of

the checklist for comparison, we elected to use Cohen’s cat-

egorization of effect sizes in order to determine sample

size.15 Borrowing from the psychological field, effect

sizes of 1.0 SD are considered large but are acceptable

for determining sample size when assessing educational

interventions. With 16 subjects in each group, we deter-

mined that with a two-tailed a-error of 0.05 and a b-error

of 0.2, we would have an 80% power of detecting an effect

size of 1.0.16

Scores from the checklist and ANTS were considered

ordinal data and were analysed with the Mann–Whitney

U-test. Nominal data were compared with Fisher’s exact

test. A P-value of ,0.05 was considered significant for all

tests. Intraclass correlation coefficients (ICCs) were calcu-

lated to assess the inter-rater reliability of assessments pro-

vided by the three examiners. Following guidelines

suggested by Landis and Koch,17 a value .0.80 indicates

excellent agreement; 0.61–0.80, substantial agreement;

0.41–0.60, moderate agreement; 0.21–0.40, fair agree-

ment; 0.00–0.20, slight agreement, and ,0.00, poor

agreement. All statistical tests were performed using SPSS

13.0 (Chicago, IL, USA).

Results

Baseline patient characteristics are described in Table 1.

There were no statistically significant differences between

the groups in postgraduate year, number of previous simu-

lation sessions attended, and months passed since passing

the NRP course. The inter-rater reliability of the checklist

was excellent with an ICC of 0.88. Consequently, the

mean of the scores assigned by all three raters was used

for analysis. The inter-rater reliability of the ANTS scale

was substantial with an ICC of 0.72.

The median (IQR; range) checklist scores in the control

group [18.2 (15.0–20.5; 10.7–25.3)] were not significantly

different from those in the intervention group [20.3

(18.3–21.3; 15.0–24.3)] (P¼0.08) (Fig. 2). There was

also no difference between the ANTS scores in the control

group [9.3 (7.8–10.3; 5.3–14.0)] and the intervention

group [10.2 (9.5–11.0; 7.2–13.7)] (P¼0.11).

No subjects would have passed an NRP test on the basis

of correctly completing the five-key steps on the checklist

when graded by the expert neonatologist. The peer evalu-

ation and the expert anaesthesia rater had 100% agreement

in the rating of this secondary outcome but marked these

key life-saving interventions differently from the neonatol-

ogist. By those evaluations, one of the subjects in the

intervention group and two of the subjects in the control

group would have passed; however, this difference was not

statistically significant (P¼0.54). Table 2 lists the mean

individual checklist scores for all subjects.

The score for frequency of use of the cognitive aid was

2 (1–4; 0–4), indicating only ‘occasional use’. Although

only one subject in the intervention group did not use the

aid at all, only 26.7% used the aid frequently, and none

used it extensively. When subjects from the intervention

group asked, ‘what were the strengths of the poster?’ in

the post-test questionnaire, 47% of residents said that the

Table 1 Patient characteristic details. Values are number and median (IQR;

range). NRP, Neonatal Resuscitation Program

No cognitive aid (n516) Cognitive aid (n516)

Male 9 10

Postgraduate year 2.5 (2–4; 1–5) 3 (2.3–4; 1–5)

Number of subjects

with paediatric

anaesthesia experience

5 10

Previous simulations 2.5 (1.25–4.75; 0–7) 1.5 (1–3; 0–7)

Months since NRP 19.5 (12.25–30.75; 2–57) 14 (7–29; 2–39)

0.0
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Fig 2 Boxplot demonstrating the checklist score (minimum score 0,

maximum 30) for the control and intervention groups. The central bar

represents the median, the box the inter-quartile range, and the whiskers

the range. Scores for each subject were mean of the scores assigned by

all three raters.
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poster was well organized, 47% said that the colour

coding was a strength, and 59% said that the clarity of the

poster was its strength. Reasons given for not using the

poster more frequently are listed in Table 3.

Discussion

We found no significant difference in the performance of

simulated neonatal resuscitation by anaesthesia residents

whether they had access to a cognitive aid or not. There

was a statistically non-significant improvement in perform-

ance in the checklist and less variation in performance in

the intervention group and it could be argued that this

study was not powered to identify a small effect. However,

we decided a priori to look for a large effect size. In

addition to being statistically not significant, the difference

between the groups of approximately one extra task on the

checklist being performed correctly, that is, an effect size

of 0.5 SD, is unlikely to be a clinically significant solution

to the problem of deterioration of skills and knowledge

after resuscitation training. Critically, despite all subjects

having previously passed the NRP course, none of the

residents would have passed the NRP on the basis of

evaluation by the rater who is an expert neonatologist and

NRP instructor.

University of Toronto anaesthesia residents are encour-

aged to complete the NRP, but are unlikely to have any

practical experience of newborn resuscitation during the

rest of their residency. Most importantly, these skills may

ultimately be required for consultant practice in commu-

nity hospitals. We therefore considered them to be a

reasonable sample with which to test the effect of a cogni-

tive aid on the well-described problem of poor retention of

skills and knowledge after the NRP course. Our study con-

firms previous findings of poor retention of skills after

NRP training.5 – 7 18 19 Kaczorowski and colleagues6 inves-

tigated family medicine trainees and found that none of 44

residents who were retested 6–8 months after an NRP

course would have passed the course due to errors in life-

saving interventions. Poor retention of resuscitation skills

echoes similar findings in other resuscitation courses20 – 22

and in the management of critical incidents by anaesthe-

tists.23 Kaczorowski noted that it ‘remains for concerned

medical educators to develop, use and evaluate innovative

strategies that may better address the longstanding problem

of knowledge and skills deterioration following standard

NRP courses’ which is unfortunately still as true today as

it was in 1998.

Our negative findings contrast with findings of previous

published research.10 – 12 A potential reason for this discre-

pancy is that the raters in the previous studies were not

blinded to group allocation, nor were the rating scales

used validated. Another reason for our negative findings

may be the acuity of the simulated crisis. Neonatal resusci-

tation involves a time pressure which is an order of magni-

tude greater: initial steps such as warming and basic

airway management should be completed in around 30 s,

positive pressure ventilation for apnoea within �60 s, and

chest compressions within 90 s. This extreme time

pressure may have reduced the chances of the cognitive

aid being used and almost one-quarter of the intervention

group noted this as a reason for infrequent use in the

post-test questionnaire. Another alternative explanation is

that residents may have found the scenario unusually

stressful, impairing attention to the cognitive aid; however,

this is speculative, as the level of stress was not evaluated

in this study. Finally, the checklist includes the evaluation

of some procedural skills, namely positive pressure venti-

lation, intubating the trachea, and chest compressions. It is

unlikely that a cognitive aid to recall of knowledge will

improve these procedural skills that constituted three of 15

points on the checklist. This may have contributed to the

lack of difference between the groups and it seems likely

that this is a general limitation of cognitive aids.

The only other prospective study of cognitive aids for

the management of emergencies by health-care pro-

fessionals did not quantify the frequency of use of the aid.

Table 2 Percentage of residents who performed each task correctly. Items in

bold font indicate life-saving interventions that must be performed correctly in

order to pass the NRP

Checklist task Performed
correctly

Checks bag, mask, and oxygen 18.8%
Asks 4 assessment questions or assesses directly (Term?

Meconium? Breathing? Tone?)

12.5%

Positions baby with neck slightly extended, suctions

mouth then nose

9.4%

Dries, removes wet towels and repositions 6.3%

Evaluates breathing and heart rate 18.8%

Indicates need for positive pressure ventilation 34.4%

Provides positive pressure ventilation correctly at
40–60 bpm

18.8%

Checks for improvement in heart rate 21.9%

Takes corrective action when heart rate not

increasing and chest not moving

21.9%

Re-evaluates heart rate 9.4%

Identifies need for intubation 59.4%

Intubates correctly, ventilates effectively for 30 s,

palpates for heart rate for 6 s

53.1%

Identifies need to start chest compressions with oxygen

100%

25.0%

Demonstrates correct compression technique 12.5%

Demonstrates correct compression rate and coordination

with ventilation

6.3%

Table 3 Reasons given why the poster was not used more frequently as

number and percentage of subjects in the intervention group

Lack of clarity 7 (41%)

Did not need it 5 (29%)

Lack of specifics, e.g. tracheal tube size, doses 5 (29%)

Time pressure 4 (24%)

Unfamiliarity 3 (18%)

Worried of unblinding the study 1 (6%)

Difficult to start using in the middle of scenario 1 (6%)

Disagreed with content 1 (6%)

Perceiving aid as a sign of weakness 0 (0%)
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Although only one subject in the current study did not use

the aid at all, only 26.7% used the aid frequently and none

used it extensively. It is concerning that almost one-third

of our intervention group did not feel that they needed to

use the cognitive aid considering the poor retention of

skills and knowledge regarding the key life-saving steps of

newborn life support demonstrated. Other studies have

found infrequent use of a cognitive aid when one was pro-

vided. Harrison and colleagues10 found only one-third of

subjects used a cognitive aid either frequently or exten-

sively. Other authors found that none of 21 anaesthesia

and obstetric residents used a cognitive aid at all in the

management of a simulated obstetric resuscitation and

their subjects indicated that the use of cognitive aids had

only been taught for non-emergent events.24

A survey of anaesthetists found an association between

formal training in the use of cognitive aids and whether

the aids were used in an actual crisis.25 However, to date,

no research has studied the effect of teaching that

encourages the frequent use of a cognitive aid on perform-

ance. Cognitive aids are already being incorporated into

the teaching and evaluation of Pediatric Advanced Life

Support courses in Canada (Dr E. Ng, September 9, 2008,

personal communication) and investigation into the effect

of such teaching should be a priority. Any such future

studies should pay particular attention to the acuity of the

crisis evaluated. The quality of use of a cognitive aid may

amount to more than just the frequency of use. A cognitive

aid has the potential to be used as a tool to improve com-

munication and situation awareness within teams. The

similarity of the ANTS scores between the control and the

intervention groups in our study suggests that this was not

the case in our sample. Further research should also inves-

tigate how health professionals are taught to use cognitive

aids, including techniques such as reading the tasks out

loud to the team followed by clear replies to close the

loop of communication.

The most commonly reported reason for not using the

cognitive aid was a lack of clarity followed by finding

insufficient specific details such as drug doses and tracheal

tube sizes. We found a dichotomy between residents who

commented positively on the clarity of the aid (59%) and

those who listed lack of clarity as contributing to infre-

quent use (41%). This suggests that another key theme for

future investigation is the need for human factors research

into the format with which information is best displayed,

so that someone who has not seen the aid previously can

readily understand it in a crisis. The potential for harm

must also be considered: a recent observational study

found that 26% of paediatric residents followed an incor-

rect pathway of an algorithm on a cognitive aid. The use

of an aid was sometimes associated with a fixation on the

causal factors of a cardiac arrest while neglecting basic

life support.26

A limitation of our study is that we used the SimBaby

manikin (Laerdal, Wappinger Falls, NY), which is

designed to represent a 6-month-old infant rather than a

newborn. At the time we started the study, there was no

commercially available newborn manikin; however, this is

now available from the same manufacturer and should be

considered for future research. A further limitation of our

study is that simulation may not necessarily reflect actual

clinical performance. However, it is notable that the evalu-

ation of the NRP course is also simulation-based, and this

study was designed to investigate retention of skills rather

than transfer of skills to the clinical environment.

Moreover, researching retention of skills after neonatal

resuscitation training using actual clinical encounters

would result in considerable logistic and ethical difficulties,

and high-fidelity computerized manikin simulation is argu-

ably the closest to a gold standard realistically available at

the present. A potential bias in our study is that as anaesthe-

tists are skilled in some of the components of newborn

resuscitation, such as intubation, they may perform better

than non-anaesthetists. As shown in Table 2, identifying the

need for intubation and intubating correctly were the tasks

most commonly performed correctly by subjects, and it is

possible that checklist scores would have been even lower

in a population of non-anaesthetists.

In conclusion, the participants who had a cognitive aid

performed as poorly as the group who did not have the

aid. Lack of teaching that encourages the use of cognitive

aids to improve teamwork in crisis situations may account

for the lack of difference between the groups.
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